This is an open access article under the terms of the Creat ive Commo ns Attri bution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. Abstract 1. Aposematism is an effective antipredator strategy. However, the initial evolution and maintenance of aposematism are paradoxical because conspicuous prey are vulnerable to attack by naïve predators. Consequently, the evolution of aposematic signal mimicry is also difficult to explain.
| INTRODUC TI ON
Aposematism is a widespread antipredator defence where prey advertise their unprofitability with conspicuous warning signals (Poulton, 1890; Ruxton, Sherratt, & Speed, 2018) . The success of aposematic prey, however, depends on avoidance learning by predators. This makes the initial evolution of aposematism paradoxical, as novel aposematic prey are expected to suffer high initial attack risk from naïve predators (Alatalo & Mappes, 1996; Mappes, Marples, & Endler, 2005) . Furthermore, naïve juveniles in each predator generation increase the predation risk for aposematic prey (Mappes, Kokko, Ojala, & Lindström, 2014) , presenting a continuous problem for the maintenance of aposematism. It is now also well established that even educated predators make adaptive decisions to include aposematic prey in their diet, depending on the trade-off between consuming toxins and gaining nutrients (Skelhorn, Halpin, & Rowe, 2016) . How, then, are aposematic prey so widespread in nature?
One potential solution is to consider this problem from an information ecology perspective (Dall, Giraldeau, Olsson, McNamara, & Stephens, 2005) . When encountering novel prey, predators should attack them if the perceived value of a meal outweighs the potential cost of consuming toxins (Marples, Speed, & Thomas, 2018; Sherratt, 2011) . Predators should therefore gather as much information as possible to assess this trade-off. In addition to sampling prey themselves , predators can gather social information about prey defences by observing the avoidance behaviour (Landová, Svádová, Fuchs, Štys, & Exnerová, 2017) or negative foraging experiences of others (Johnston, Burne, & Rose, 1998; Mason & Reidinger, 1982; Thorogood, Kokko, & Mappes, 2018) .
This reduces the predation cost for aposematic prey populations and helps to explain how aposematism can evolve (Thorogood et al., 2018) . However, variation in predators' physiological state (Barnett, Bateson, & Rowe, 2007; Barnett, Skelhorn, Bateson, & Rowe, 2012; Skelhorn & Rowe, 2007) , dietary wariness (Exnerová et al., 2007; Marples & Mappes, 2011) or the ability to learn about prey defences (Rowland, Fulford, & Ruxton, 2017) means that predators might vary in both information use and their tendency to attack aposematic prey. Individuals are predicted to value social information more when the cost to acquire personal information is high (Kendal, Coolen, van Bergen, & Laland, 2005; Laland, 2004) , and for predators, the cost of sampling novel prey could be increased when they have already ingested toxic prey. Experience of toxins could also alert predators to the presence of other toxic prey, making them warier (Rowe & Skelhorn, 2005; Skelhorn, 2016) and more likely to pay attention to the foraging behaviour of others. This within-and between-species variation in prey sampling could then create varying selection pressures for aposematic signals (Endler & Mappes, 2004) as well as create heterogeneity in social information that is available for others.
Attacks on warningly coloured prey also have potential to inform others about the presence of palatable mimics (Alcock, 1969) , such as automimics (palatable individuals in the population of aposematic species, Brower, Brower, & Corvino, 1967) and Batesian mimics (palatable species mimicking a defended species, Bates, 1862) . These prey benefit from the warning coloration of the model without having to pay the same costs of producing chemical defences (Speed, Ruxton, Mappes, & Sherratt, 2012) , and at the same time, they degrade the protection the warning signal affords the model (Gamberale-Stille & Guilford, 2004; Lindström, Alatalo, & Mappes, 1997) . If predators learn about mimic palatability by observing others, then predation of palatable mimics (and the model) could escalate even faster (i.e. social information drives frequencydependent dynamics, Mappes & Lindström, 2012; Thorogood & Davies, 2012 ). An early study by Alcock (1969) provided support for this idea, showing that fork-tailed flycatchers were more likely to handle an Anartia amalthea butterfly, a palatable mimic of aposematic Heliconius erato, after observing a conspecific's attacks on the mimic. More recently, Bosque et al. (2018) showed that predator generalization might also be influenced by social conditions:
after exposure to high model signal diversity, domestic chicks attacked imperfect mimics more if they were tested in a group, rather than alone. Social interactions among predators might therefore influence model-mimic dynamics by both enhancing avoidance learning and generalization when individuals observe others consuming models (Mason & Reidinger, 1982) , as well as increasing attack rates on both prey types when individuals observe others consuming palatable mimics (Alcock, 1969) .
Previous experience with toxic prey might influence how predators use social information about defended prey and their mimics.
For example, a high toxin load might make individuals less willing to sample novel prey and more likely to rely on social information obtained from observing less risk-aversive individuals. How previous consumption of toxins influences learning about novel aposematic prey, however, remains untested despite its assumed key role in postingestive learning. Therefore, we conducted an experiment where we tested (a) how previous experience of toxic prey influences predators' likelihood to use social information about novel aposematic on aposematic prey, regardless of a predator's toxin load. Nevertheless, observing foraging events of others is unlikely to alter frequency-dependent dynamics among models and mimics, although this may depend on predators having recent personal experience of the model's unpalatability.
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aposematism, great tits, mimicry, predator-prey interactions, social learning, toxin load prey, and (b) how social information about the presence of palatable mimics then influences educated predators' propensity to sample previously unpalatable prey. We tested this with wild-caught great tits (Parus major) that have been model predators in many avoidance learning studies (Alatalo & Mappes, 1996; Ihalainen, Lindström, & Mappes, 2007; Lindström, Alatalo, Mappes, Riipi, & Vertainen, 1999; Thorogood et al., 2018) . Similar to many other bird species (Clark, 1970; Hämäläinen, Rowland, Mappes, & Thorogood, 2017) , they respond to aversive food by wiping their beak on a perch, and this can be manipulated with video playback to provide cues of food unpalatability to others (Thorogood et al., 2018) . Responses to prey can then be investigated using a "novel world" that contains cryptic and conspicuous prey of different palatability that are evolutionarily novel to predators (Alatalo & Mappes, 1996) .
We first manipulated birds' toxin load by pre-feeding individuals with two mealworms injected with either chloroquine phosphate or water (following Skelhorn & Rowe, 2007; Rowland, Mappes, Ruxton, & Speed, 2010) , before providing half of the birds in each treatment with social information about the palatability of novel aposematic prey. We predicted that this higher toxin load would (a) increase the costs of sampling prey and make predators more hesitant to attack any prey, but that (b) social information would allow predators with an increased toxin load to recover these costs and facilitate rapid learning. We then investigated whether social information of a mimic's palatability could shift educated predators back to sampling these previously aposematic prey by testing their reversal learning.
We predicted that birds receiving social information would attack the first palatable mimic faster and consume more mimics than birds that only had opportunities to gather personal information about prey palatability.
| MATERIAL S AND ME THODS

| Predators
The experiment was conducted at Konnevesi Research Station in Central Finland during the winter of 2017. We caught wild great tits (n = 68, 15 female and 19 male hatch-year birds, and 12 female and 22 male adults, i.e. age > 1 year) from feeding sites and housed them individually in plywood boxes (80 × 65 × 50 cm) for approximately 1 week before release. Sunflower seeds, tallow and peanuts were provided ad libitum, except prior and during experiments when birds were food-deprived for 2 hr to ensure their motivation to forage.
Fresh water was always available. Birds' sex and age were determined using plumage, and we calculated their body condition index using weight (0.25 g) and tarsus length (0.01 cm) measures (Peig & Green, 2009 ). This was assumed to be related to individuals' health and fitness by indicating their energetic reserves.
| Experimental set-up
Prey items were small pieces of almond (approximately 0.1 g) glued (with non-toxic UHU glue stick) inside a white paper packet (8 × 8 mm) that had black symbols printed on both sides. We used two symbols that differed in visibility and indicated palatability: cross (palatable, cryptic prey) and square (aposematic, conspicuous prey). Birds had no initial preferences towards the symbols (see Appendix S1). Aposematic prey were made bitter-tasting by soaking almonds in a chloroquine phosphate solution (2 g of chloroquine dissolved in 30 ml of water) for 1 hr, following previously validated methods (Ihalainen et al., 2007) . At this chloroquine concentration, birds typically consume only small parts of the prey before rejecting it.
The experiment was conducted in a 50 × 66 × 50 cm sized plywood cage with a plexiglass front wall. In the foraging trials, birds were presented backgrounds that each contained eight cryptic prey items (crosses) and eight aposematic prey items (squares).
Backgrounds were made of A1 sized white paper that had 140 printed crosses in random positions, similar to other "novel world" experiments (Alatalo & Mappes, 1996; Ihalainen et al., 2007; Lindström et al., 1999) . Backgrounds contained also 20 fake cryptic prey items (piece of double-sided mounting tape with cross symbol) that made the background three-dimensional and cryptic prey more difficult to find. Prey items were randomly distributed and glued to the backgrounds. Before the experiment, we tested the visibility of the symbols with 10 individuals that did not participate in the main experiment (see Appendix S1). Similar to previous experiments in a large aviary (Ihalainen et al., 2007; Lindström et al., 1999) , we found that squares were approximately four times more visible against the background, compared to crosses.
| Filming demonstrators
Birds were provided with social information using video playback.
All demonstrators (N = 10, six males and four females) were adults (>1 year). We always chose the observer-demonstrator pairs so that both birds were captured from the same location to control their familiarity. Each demonstrator was filmed (using an HD camcorder, Canon Legria HF R66) to consume (a) a palatable prey (to provide social information about palatable mimics) and (b) an unpalatable prey (to provide social information about aposematic prey) following previously validated methods (Thorogood et al., 2018) . Prey items were similar to the prey used in foraging trials but larger (25 × 25 mm packets with 10 × 10 mm symbols) to ensure visibility to observers.
When the prey was unpalatable (almond soaked in a solution of 2 g chloroquine and 30 ml of water), demonstrators dropped it quickly and showed a clear disgust response by performing vigorous beak wiping and head shaking. We edited these videos (with Windows Movie Maker), so that they consisted of 80 s of a demonstrator taking the prey, and either eating it (palatable prey) or dropping it and showing a disgust response (aposematic prey). Both videos also included 80 s (40 s before and 40 s after a demonstrator) of the alternative prey item (cross) in an empty cage to ensure that birds had seen both prey items before the test. We also filmed a control video that included 80 s of each prey item (cross and square) in an empty cage but provided no information of palatability.
| 1985
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| Avoidance learning
| Training
Before the experiment, birds (n = 57) were trained to open artificial prey items (brown paper packets) and forage from the training background (see Appendix S1 for details). Birds received the last training in the test cage on the same day that the experiment started. They were presented a similar background that we used in the foraging trials, containing three brown and three cryptic (cross) prey that birds were required to eat before we started the experiment. This is similar to previous experiments (Ihalainen et al., 2007; Thorogood et al., 2018) and it ensures that birds learn to search for cryptic prey. It also means that birds gained some personal experience of the cryptic prey before the experiment, but this was the same for all individuals and therefore should not affect our results.
| Toxin load
After birds had completed training, we manipulated their toxin load by offering birds two mealworms that were injected with either 0.02 ml of water or 0.02 ml of 1% chloroquine phosphate solution (following Skelhorn & Rowe, 2007; Rowland et al., 2010) . Birds could detect also this lower chloroquine concentration and 12 individuals that were given chloroquine-injected mealworms left a small piece of the second mealworm uneaten, while 16 individuals consumed both worms (chloroquine treatment n = 28). All birds that received palatable mealworms (n = 29) ate both worms.
| Video playback
We used an LCD monitor (Dell E198FPF) placed against the plexiglass front wall of the cage to playback videos. We let the birds habituate to the monitor for 15 min before presenting a video of a demonstrator's response to an aposematic prey (square symbol) or a control video (prey items only). We therefore had four different treatment groups that received (a) chloroquine-injected mealworms + social information (n = 14), (b) water-injected mealworms + social information (n = 15), (c) chloroquine-injected mealworms + control video (n = 14) and (d) water-injected mealworms + control video (n = 14; Figure 1 ).
| Foraging trials
The LCD monitor was removed immediately after the video ended, and the first background (containing eight palatable and eight aposematic prey) was placed on the cage floor. For each trial, birds were allowed to attack 16 prey items, with four taken from each of four backgrounds that were replaced sequentially. If birds did not attack all four prey items in 20 min, the background was removed and birds were given a break (at least 20 min) before continuing the experiment. To qualify as an attack, birds were required to open and taste the prey items, so only detaching them from the background was not counted. We recorded birds' prey choices, the latency to attack the first prey item (1-s precision) and the time to complete the first trial, that is the time to attack and handle (eat or reject) the first 16 prey items (1-min precision). We conducted two trials on the first day of the experiment (Day 1) and two trials on Day 2 to test if the effect of social information would persist. We then conducted one further foraging trial on Day 3 to ensure that birds had acquired avoidance to aposematic prey before beginning the next stage of the experiment. Altogether, birds consumed 80 prey items from five foraging trials. One individual refused to attack any prey on the second day and was therefore excluded from later tests.
| Reversal learning
The reversal learning test was conducted on Day 3 after birds completed the fifth foraging trial. We allocated birds to treatment groups that (a) either received social information of previously toxic prey now being palatable (n = 29), or (b) saw a control video of prey items only (n = 26). This was done semi-randomly, so that approximately half of the birds in each treatment had received social information about aposematic prey in the first part of the experiment, but birds were now presented a different demonstrator, so that previous social experience would not affect information use. We again presented birds first with video playback before conducting two foraging trials where birds were allowed to eat 16 prey (i.e. 32 prey in total). However, this time backgrounds contained only palatable prey items. Two individuals did not participate in the reversal learning test: one refused to attack any prey after Day 1 and another did not learn to avoid aposematic prey.
| Statistical analyses
We first tested if social information or toxin load affected birds' initial foraging choice (cross/square) using a chi-square test. We then analysed the latency of birds to attack the first prey item and the time taken to complete the first trial. Distributions of these response variables were right-skewed so we used generalized linear models with a negative binomial error distribution. We next analysed predation of aposematic prey in the first trial (number attacked) and avoidance learning across all five trials using generalized linear models with a poisson error distribution. Explanatory variables in models included video playback (social information/ control) and toxin load treatments (chloroquine/water), and individuals' sex, age and body condition index as covariates. For each analysis, we tested several models with different interaction terms and covariates and chose the best-fitting models using Akaike's information criterion corrected for small sample sizes (see Appendix S1 for model selections). When analysing learning across trials, trial number was included as an explanatory variable and bird identity as a random effect.
We analysed reversal learning by calculating the difference between the number of aposematic prey attacked in the last (fifth) foraging trial and the number of palatable mimics attacked in the reversal learning test. This is assumed to measure how well birds retain learned avoidance towards previously unpalatable prey (Skelhorn & Rowe, 2006) . We used this difference as a response variable in a generalized linear model with the type of first video presentation (social information about aposematic prey) and second video presentation (social information about palatable mimics) as explanatory variables, and sex, age and body condition as covariates. Next, to indicate how reluctant birds were to sample the previously unpalatable prey we calculated how many cryptic prey (crosses) birds consumed before attacking the first mimic and used this as a response variable in a similar model (with poisson error distribution).
To disentangle the effect of social information and birds' previous experience with aposematic prey, we then restricted this model to include only birds that did not receive social information in the first part of the experiment and used the number of aposematic prey attacked during trials 1-4 as an explanatory variable. All analyses were conducted with the software r.3.3.1 (R Core Team, 2016), using lme4 (Bates, Mächler, Bolker, & Walker, 2015) and mass (Venables & Ripley, 2002) packages.
| RE SULTS
| Avoidance learning
Most of the birds attacked the aposematic prey (a square) as their first prey choice in the experiment (44/57 individuals), regardless of social information (χ 2 = 0.150, df = 1, p = 0.70) or toxin load treatment (χ 2 = 0.766, df = 1, p = 0.38). However, there was a trend for birds to attack the first prey item faster when their toxin load was increased (estimate = −0.592 ± 0.346, Z = −1.710, p = 0.09; Figure 2a ) but this effect was not significant at alpha level of 0.05. There was also a significant interaction between social information treatment and body condition index (estimate = 1.024 ± 0.378, Z = 2.708, p = 0.007). Birds in poorer body condition hesitated longer to attack the first prey item, but only when they did not receive social information. Seven individuals were not motivated to forage during the first trial and did not attack any prey items during the first 20 min, so F I G U R E 1 Experimental set-up. In the first part of the experiment, birds were pre-fed with two chloroquine-or water-injected mealworms. Half of the individuals in each treatment were then provided with social information about novel aposematic prey (the other half saw a control video) before five foraging trials with aposematic and palatable prey. In the second part of the experiment, birds (now educated) were provided with social information about palatable mimics (or a control video), and they then encountered same prey items in a palatable environment we excluded them when analysing wariness to sample the first prey.
Three of these birds were socially educated (all pre-fed with water) and four control birds (one pre-fed with water and three with chloroquine). We continued foraging trials with these birds after giving them a break (approximately 20 min) and after that their first choices were similar to other birds.
Birds that received social information consumed significantly fewer aposematic prey in the first foraging trial (first 16 prey), compared to the control group (estimate = −0.185 ± 0.092, Z = −2.009, p = 0.045; Figure 3a ). However, against our prediction, social information use was not influenced by previous experience with toxins (social information × toxin load: estimate = 0.130 ± 0.184, Z = 0.706, p = 0.48) and this interaction was removed from the final model.
Similarly, toxin load treatment alone did not affect birds' foraging choices in the first trial (estimate = 0.101 ± 0.092, Z = 1.095, p = 0.27).
However, the time that it took for birds to complete the first trial depended on their toxin load and received social information (social information × toxin load: estimate = −0.688 ± 0.304, Z = −2.263, p = 0.02; Figure 2b ). Control birds (no social information) completed the first trial significantly more slowly when they were pre-fed with chloroquine-injected mealworms, compared to the birds pre-fed with water-injected worms (estimate = 0.599 ± 0.219, Z = 2.734, p = 0.006). When birds received social information about prey unpalatability, toxin load no longer influenced the time to complete the trial (estimate = −0.090 ± 0.215, Z = −0.417, p = 0.68). This means that even though increased toxin load did not influence birds' foraging choices, it increased their wariness to attack novel prey (but only when birds did not have social information). The same trend remained when we excluded the seven individuals that were very slow to attack the first prey item, although the interaction was no longer significant at alpha level 0.05 (social information × toxin load: estimate = −0.541 ± 0.321, Z = −1.685, p = 0.09). Finally, we found that hatch-year birds completed the first trial faster than adults (estimate = −0.370 ± 0.156, Z = −2.368, p = 0.02).
F I G U R E 2 Birds' wariness to attack novel prey in the first foraging trial (first 16 prey items). Birds (n = 57) were pre-fed with two mealworms injected with chloroquine or water. Half of the individuals in both treatments received social information of aposematic prey (circles) and half were presented a control video (triangles). Big symbols represent mean (±SE) for each treatment and small grey symbols individual variation within the treatment. (a) Time (min) that it took for birds to attack the first prey item. Seven individuals did not attack any prey during the first 20 min and are excluded from the graph (n = 50). (b) Time (min) that it took for birds to complete the first foraging trial (attack the first 16 prey items) 
| Reversal learning
Even though birds used social information when learning to avoid aposematic prey, they ignored it in the reversal learning test: social information of previously aposematic prey now being palatable did not influence the number of palatable mimics that birds sampled (estimate = −0.042 ± 0.917, t = −0.046, p = 0.96). Instead, all birds were reluctant to attack previously aposematic prey ( Figure 4a ). Because birds might value social information differently depending on previously received information, we next investigated whether the first video presentation (social information about aposematic prey on Day 1) influenced the birds' likelihood to use social information about mimics. However, we found no evidence that prior social information influenced the use of social information in the reversal learning test (first video × second video: estimate = −1.300 ± 2.046, t = −0.636, p = 0.53), nor did it have an effect on the number of mimics sampled (first video: estimate = 0.055 ± 0.920, t = 0.060, p = 0.95).
We predicted that birds would sample palatable mimics faster after receiving social information of their palatability. However, the number of cryptic prey (crosses) consumed before attacking the first mimic did not differ between social information treatments (estimate = −0.056 ± 0.071, Z = −0.782, p = 0.43), and this did not F I G U R E 3 Relative predation risk for aposematic prey (number of aposematic prey attacked/ number expected by chance): (a) in the foraging first trial, and (b) across five foraging trials (conducted over three days). Birds (n = 57) were pre-fed with two mealworms injected with chloroquine or water. Half of the individuals in both treatments received social information of aposematic prey (circles) and half were presented a control video (triangles). Big symbols represent mean (±SE) for each treatment and small grey symbols individual variation within the treatment. Because previous consumption of toxins did not affect social information use, chloroquine and water treatments are combined within information treatments in (b) depend on an individual's previous experience of social information (first video × second video: estimate = −0.128 ± 0.158, Z = −0.809, p = 0.42). Instead, the first video presentation alone had a significant effect: birds that had received social information about aposematic prey (on Day 1) consumed more cryptic prey before attacking the first mimic (estimate = 0.294 ± 0.073, Z = 4.029, p < 0.001). However, these birds had also less personal experience of prey toxins because they had consumed fewer aposematic prey during avoidance learning, compared to the control birds without social information.
To disentangle the effect of social information from the number of aposematic prey consumed, we tested how previous experience with aposematic prey influenced the hesitation to attack palatable mimics, including only birds that had not received social information in the first part of the experiment. We found that birds were less hesitant to sample palatable mimics (i.e. consumed fewer cryptic prey before attacking the first mimic) when they had consumed more aposematic prey during avoidance learning (estimate = −0.022 ± 0.007, Z = −3.388, p < 0.001, Figure 4b) . Therefore, the observed effect of the first video presentation on birds' wariness to attack mimics could be caused by differences in personal experience with aposematic prey. Finally, we found that females (estimate = 0.232 ± 0.072, Z = −3.213, p = 0.001) and individuals with high body condition index (estimate = 0.112 ± 0.036, Z = 3.157, p = 0.002) consumed more cryptic prey before attacking the first mimic. Eleven individuals were excluded from reversal learning analyses because they still consumed more than three aposematic prey in the last (fifth) foraging trial (relative predation risk > 0.5) which indicates weaker avoidance learning towards aposematic prey.
Four of these individuals were socially educated (three pre-fed with F I G U R E 4 Birds' (n = 55) foraging choices in the reversal learning test. (a) Relative predation risk for the palatable mimic (prey with square symbol). Half of the individuals (circles) received social information about palatable mimics and half were presented a control video (triangles). Big symbols represent mean (±SE) for each treatment and small grey symbols individual variation within the treatment. (b) Birds that consumed more aposematic prey during avoidance learning (x-axis) were less hesitant to attack the palatable mimics; that is, they consumed fewer cryptic prey before sampling the first mimic. Birds that received social information about aposematic prey in the first part of the experiment (circles + solid line) consumed fewer aposematic prey during avoidance learning, compared to control birds (triangles + dotted line), which could explain why they were more hesitant to attack palatable mimics in the reversal learning test chloroquine and one with water) and seven were control birds (four pre-fed with chloroquine and three with water). Including these individuals in the analyses did not change our results.
| D ISCUSS I ON
Social interactions among predators could have important consequences for the effectiveness of prey defences when information is shared about prey palatability. We predicted that previous consumption of toxins would increase the risk to sample novel prey and make social information more valuable (Kendal et al., 2005; Laland, 2004) , but found that great tits did not rely more on social information when their toxin load was experimentally increased. Instead, we found that birds who observed a conspecific encountering aposematic prey learned to avoid that prey type faster than control birds, regardless of their previous experience with toxins. This indicates that ingesting toxins is costly to predators even when their current toxin load is low, and naïve predators might therefore value social information in all encounters with novel prey. This is the first time that the "novel world" experimental set-up has been implemented in a small test cage; nevertheless, our results are consistent with previous experiments in a larger aviary (Lindström et al., 1999; Thorogood et al., 2018) and confirm that social cues about prey unpalatability can induce avoidance in great tits (Landová et al., 2017; Thorogood et al., 2018) and other species (Fryday & Greig-Smith, 1994; Johnston et al., 1998; Mason, Arzt, & Reidinger, 1984; Mason & Reidinger, 1982; Skelhorn, 2011) .
However, we also found that educated birds did not use social information about palatable mimics, which indicates that personal experience with toxic prey may override conflicting social information.
Even though toxin load treatment did not influence how birds used social information, it did influence their foraging behaviour.
We found that birds completed their first trial more slowly when the toxin load was increased, but only when they did not have social information. Experience of toxins has been shown to increase wariness also in other studies, with predators biasing their foraging decisions away from novel warningly coloured prey after experiencing chemical defences (Rowe & Skelhorn, 2005; Rowland, Ruxton, & Skelhorn, 2013; Skelhorn, Griksaitis, & Rowe, 2008) . We used artificial symbols instead of typical warning colours, and the experience of chloroquine did not seem to cause hesitation towards the more conspicuous prey.
In fact, there was weak evidence that individuals consumed more aposematic prey when their toxin load was increased (Figure 3a) .
This differs from a previous study showing that starlings with an increased toxin load decreased consumption of chemically defended prey (Skelhorn & Rowe, 2007) . The individuals in Skelhorn and Rowe were, however, educated, whereas in our experiment birds did not have prior personal information about the content of the prey toxins. This indicates that even though toxin load influences the foraging choices of educated predators, it does not affect the number of aposematic prey sampled during initial avoidance learning.
Predators might also use social information to learn about the presence of palatable mimics and therefore allow knowledge of mimics to spread rapidly in a predator population, altering frequencydependent model-mimic dynamics (Thorogood & Davies, 2012) .
However, we found that after personally sampling defended prey, great tits ignored conflicting social information about palatable mimics. This is consistent with other studies showing that animals often rely on their personal experience when facing contrasting social information (van Bergen, Coolen, & Laland, 2004; Fryday & Greig-Smith, 1994) . Social information about palatable mimics is therefore unlikely to increase attacks on models and mimics when predators have recent personal experience of the model's defence. Furthermore, we found that birds avoided mimics even in the absence of the defended models. Palatable mimics might therefore gain protection from predators, even if they do not co-occur with their models, as observed in many systems (Pfennig & Mullen, 2010 ). However, we tested birds' response to mimics only shortly after they had experienced defended models, and more work is needed to investigate how long avoidance towards mimics lasts if models are not present. In our experiment, individuals might have also gained little benefits from using social information about mimics because of abundant alternative prey (Kokko, Mappes, & Lindström, 2003; Lindström, Alatalo, Lyytinen, & Mappes, 2004) .
In nature, alternative prey are likely to be more scarce which could increase predators' willingness to risk sampling previously toxic prey.
Although our results show that social information can influence predators' decisions and reduce the effects of toxin load on wariness, these effects are not absolute and individuals varied in their tendency to attack aposematic prey (also see Thorogood et al., 2018 for similar amounts of variation). We did not find evidence that this variation was explained by individuals' toxin load, and it is possible that other factors, such as energetic state (Barnett et al., 2007 (Barnett et al., , 2012 or personality type (Exnerova, Svádová, Fučíková, Drent, & Štys, 2010) , have a bigger influence on predators' foraging choices. Interestingly, we found that birds that had consumed more aposematic prey were less hesitant to attack mimics in the reversal learning test. It is possible that these birds were simply less educated and had acquired weaker avoidance towards aposematic prey. Alternatively, they might have gained more feedback on the toxic effects of chloroquine. Even though high concentration of quinine appears to be emetic to birds (Alcock, 1970) , we do not know what post-ingestive consequences it has in low doses and how birds learn about these effects . Therefore, birds with more experience of aposematic prey might have learned that consuming them did not have a significant impact on their physiological state, making them more willing to sample the same prey again. Further work is needed
where different sources of personal information and social information are modified to better understand why individuals vary.
In conclusion, our study supports the idea that social learning among predators can reduce predation on aposematic prey and help to explain how novel conspicuous warning signals evolve and persist in the prey population (Thorogood et al., 2018) . However, individuals vary in their personal experience with prey and this might influence their foraging choices and reliance upon social information. We found that birds ignored social information about palatable mimics when they had conflicting personal information about the model's defence.
This suggests that social information about mimics is unlikely to increase predation on models and mimics when predators have recently encountered defended models. How predators use social information about mimics in nature, however, could be influenced by many additional factors, such as the accuracy of personal information, the strength of prey defences and the abundance of alternative prey.
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